This study aimed to compare nitrogen balance and biochemical tolerance of early aggressive versus late total parenteral nutrition in very-low-birthweight (VLBW) infants over the first week of life.
INTRODUCTION
Very-low-birth-weight (VLBW) infants are born at a time of otherwise rapid intrauterine brain and body growth. These infants have limited endogenous energy stores, and the rapid establishment of postnatal nutrition is essential to provide continuous administration of nutrition. [1] [2] [3] VLBW infants receiving only glucose experience protein loss of 0.5 to 1 g/kilo-day. Deficient protein or amino-acid administration over an extended period may cause significant growth delay or morbidity in VLBW infants. [4] [5] [6] Parenteral feeding with AA from birth may be a solution if early negative nitrogen balance is to be avoided.
Animal and human studies have shown that periods of undernutrition may result in irreversible deficits in brain growth. 7 Lucas et al. 8 have shown that the early weeks of life are critical period for neurodevelopment in VLBW infants, during which undernutrition has extremely important adverse effects. 9 It is common practice for preterm infants requiring nutritional support to be gradually started on parenteral nutrition over a period of several days. It is during the immediate postnatal period that infants are frequently most sick and in need of optimal nutrition. 10, 11 Although, there is now evidence that AA solutions and IL can be tolerated by VLBW infants during the first days of life, nutritional requirements at this time remain uncertain. 5, 12, 13 Parenteral feeding with AA from birth may be a solution if early negative nitrogen balance is to be avoided.
Lipids play a fundamental role in providing the dietary energy density necessary to achieve positive energy balance, permitting optimal utilization of dietary protein for tissue growth, and supplying the essential n-6 and n-3 fatty acids. The effect of early malnutrition on infant growth and development, including longterm consequences to the central nervous system (CNS), is well recognized. Protein-calorie undernutrition results in decreased cell division and myelination in the developing brain, with potentially irreversible consequences to cognitive, motor, and behavioral development. Failure to provide an adequate lipid intake is likely to result in suboptimal energy intakes, which can significantly contribute to calorie undernutrition and proteolysis. [14] [15] [16] [17] [18] We performed a randomized clinical trial in VLBW infants with respiratory distress to determine if aggressive ETPN will increase nitrogen retention and energy intake as compared to LTPN, and to identify any complications associated with ETPN.
METHODS
From July 2001 through April 1, 2002, we identified preterm infants whose birth weight was 501 to 1250 g, and whose gestational ages of 24 to 32 weeks who required mechanical ventilation for respiratory distress syndrome admitted to the regional neonatal intensive care unit at Louisiana State University Health Sciences Center. We enrolled infants at 1 hour of age whose clinical conditions seemed to preclude oral feedings for a period of at least 5 to 7 days (at one time, our NICU policy stated patients received NPO if they were intubated and required more than 60% oxygen) after written parental consent was obtained and approval from the Institutional Review Board of the University of Louisiana State University Health Sciences Center.
The gestational age estimate was based on the following: fetal ultrasound scan, dates in the prenatal record or from maternal interview, and the neonatologist examination. Infants with major congenital anomalies, twin-to-twin transfusion (hemoglobin concentrations differ by more than 5 g/dl), maternal diabetes treated with insulin, placenta previa, placenta abruption, or maternal history of drug abuse were not eligible for the study (positive urine toxicology screening test, or maternal history of drug abuse).
The primary outcome measures were the nitrogen balance and caloric intake between ETPN and LTPN during the 7-day study period. Other measures included Apgar scores at 5 minutes, serum bilirubin, clinically significant patent ductus arteriosus (PDA) diagnosed by echocardiogram at the discretion of the attending physician, grade 3 or 4 intraventricular hemorrhage (IVH), retinopathy of prematurity (ROP), sepsis (positive blood culture), and respiratory impairment assessed by Oxygen Index (OI) ¼ mean airway pressure (cmH 2 O) Â F i O 2 (%)/postductal PO 2 (Torr) at 4 and 24 hours after birth. BPD (if supplemental oxygen was required at 36 weeks corrected age).
In all, 32 preterm infants were enrolled randomly assigned to either the ETPN or the LTPN groups. All infants in the study received IVH prophylaxis indomethacin. Infants were randomized to ETPN or LTPN groups by numbers placed in sealed envelopes. The ETPN group received 3.5 g/kg/day AA (10% Trophamine, B. Braun Medical, Irving CA), and 3 g/kilo-day of 20% IL (Baxter Healthcare Corporation, Deerfield, IL), started within the first 2 hours after birth. The LTPN group started on a solution containing 5% to 10% glucose during the first 48 hours of life, then 2 g/kg/day of AA and 0.5 g/kilo-day of IL after 48 hours. Amino acid and IL each increased by 0.5 g/kilo-day to a maximum of 3.5 g/kilo-day and 3 g/kg/day, respectively. The nonprotein calorie to nitrogen ratio was 100:1 in the treatment group, while no AA were supplied to the control group during the first 48 hours of life. Parenteral nutrition was designed using an electronic-based system.
Infants were cared for in servo-controlled radiant warmer, to maintain skin temperature 36.51C, which provided a thermoneutral environment.
Intake of water, glucose, and electrolytes were ordered by the attending physician and were not dictated by the experimental protocol. Glucose intake was typically adjusted according to chemical estimates (Chemstrip between >40 mg/dl, and <150 mg/ dl of blood glucose concentration performed at bedside every 2 to 4 hours). Nude body weight was determined daily on an electronic scale accurate to 2 g. (Cardinal Detector, Model No 6735, Webb City, MO); fluid intake, and urine volume was measured and recorded daily. Urine was collected from an attached bag with any leakage collected on a preweighted diaper. Each 24-hour aliquot of urine was stored at -201C until analysis. Even though some infants had urine collections of less than 24 hours, collections of 6 to 12 hours have been shown to be accurate estimates of 24 hour collections in parenterally fed infants. 19, 20 Nitrogen content was analyzed by Vitros chemistry products BUN/Urea slides. 21, 22 Serum blood sodium, potassium, carbon dioxide, chloride, urea nitrogen, creatinine, glucose, calcium, and bilirubin were measured daily. These analyses were performed in the hospital clinical chemistry laboratory using standard methods.
Nitrogen intake, nitrogen output, nitrogen balance, triglycerides, and cholesterol were measured at admission, day 3, 5, and 7 of life.
Nitrogen balance was calculated using this formula:
Nitrogen balance ¼nitrogen intake À estimated urinary nitrogen loss:
Nitrogen intake¼ amino acids ðgÞ Ä 6:25 5 ¼ mg of nitrogen: 
STATISTICAL ANALYSIS

RESULTS
There were no significant differences demonstrated in the mean birth weight, gestational age, or 5 minutes Apgar score, nor in male to female ratio in both groups. The severity of respiratory distress at study entry as assessed by Oxygen Index (OI) was similar in both groups (Table 1 ).
There was no statistical difference in the mortality between the two groups. One infant in the ETPN group died at day 34 due to necrotizing enterocolitis (NEC) complications. Two infants in the LTPN group died at days 14, and 36 of respiratory failure and NEC, respectively.
Nitrogen balance was calculated for the 29 infants for whom adequate urinary volume was collected. Nitrogen retention was greater in all infants in the ETPN throughout the study period with a mean of (384.5±20.2 mg/kilo-day). All infants in LTPN group were in negative nitrogen balance during the first 48-hours of life with a negative mean of (-203.4±20.9 mg/kilo-day) (Figure 1 There was no statistical difference in the mean fluid intake between the two groups. The maximum mean fluid intake in both groups at 7-days postnatal age was 162±8.5 ml/kilo-day in ETPN group and 165±8.5 in LTPN group. The mean peak serum indirect bilirubin was greater in the ETPN compared to LTPN groups (7.7 and 6.1 mg/dl, p<0.002).
During the study period there were no significant differences in the mean serum cholesterol, triglyceride, blood urea nitrogen, creatinine, and bicarbonate levels. During the 7-day study period mean serum glucose concentration was higher in the LTPN group (p < 0.03) compared to the ETPN group (Table 2 ). There were no differences in the secondary outcomes (BPD, IVH, sepsis, PDA, and ROP) between the LTPN and ETPN groups (Table 3) .
DISCUSSION
The aggressive introduction of ETPN resulted in a significant positive nitrogen retention, and higher energy intake in sick VLBW infants without an increased incidence of adverse clinical sequelae or metabolic derangement. Although there was no significant improvement in weight gain at 1 week of age. It has been reported that most sick VLBW infants have poor weight gain and inadequate catch-up growth during the first few weeks of life. There is no agreement on the ideal age at which to introduce AA and IL to the feeding regimen of a preterm infant. From the available data it is suggested that VLBW neonates require a daily minimum of 60 kcal/kilo-day (including 2.5 g/kilo-day of AA) to prevent catabolism, and 80 to 90 kcal/kilo/day (including 2.7 to 3.5 g/kilo-day) of AA to maintain the rate growth they would have had in utero. 5, 24 When parenteral AA and IL started after the first 48 hours of life, 80 to 90 kcal/kilo-day can be achieved by 5 to 7 days after birth. 25, 26 There is no scientific reason why the sick VLBW infant should not be offered 3.5 g/kilo-day of AA, and 3 g of IL immediately after birth. In this study, all infants in the ETPN group were in positive nitrogen balance throughout the study period. The mean nitrogen retention of 388.6 mg/kilo-day is equivalent to a protein accretion of 2.4 g/kilo-day or 16.8 g/kg over 1 week. All infants in LTPN group were in negative nitrogen balance during the first 48 hours of life, and for the remainder of the 7-day study nitrogen retention was significantly greater when TPN was begun at birth. Although it is uncertain whether there is a long-term clinical advantage in this early positive nitrogen balance, it may be reasonable to assume such an advantage, particularly during the critical transitional phase of extrauterine adaptation.
Wilson et al. 27 have shown that improved nutritional intake resulted in better growth, both in early neonatal period and at hospital discharge, but did not decrease pulmonary morbidity or shorten hospital stay.
In the ETPN group, we were able to achieve an energy intake greater than 60 kcal/kilo-day. In the LTPN group, the energy intake was below the critical threshold to maintain basal metabolism until day 5 of life. Mitton et al. 28 demonstrated that immediately after birth, infants receiving glucose alone were not only in negative nitrogen balance but also protein turnover was lower in the sickest infants. Our study showed that ETPN group was in positive nitrogen balance throughout the 7-day study period. Premature newborn infants have low essential fatty acids stores, 16 in absence of IL intake, a state of fatty acids deficiency alters the metabolic response as early as 5 to 8 days after birth. 29, 30 The plasma triglyceride and cholesterol concentrations were similar in both groups. The activity of lipoprotein lipase has been shown to be independent of the intake; therefore, it has been suggested that the practice of slowly increasing IL during the introduction of parenteral nutrition is unnecessary. Brans et al. 31 have shown that during the first 4 days of life of very low birthweight infants, triglyceride and free fatty acid concentration remained within an acceptable range if the dose of IL did not exceed 3 g/kg/day. [32] [33] In our study, the infants who received 3 g/kilo-day of IL not only received an additional source of energy which placed them in positive energy balance, but also fulfilled their essential fatty acids requirements, with no effect on the plasma triglyceride and cholesterol concentrations.
There was a statistical, but no clinical difference between ETPN and LTPN in the plasma bilirubin levels, indicating that the dose of IL of 3 g/kilo-day immediately after birth can be tolerated with no adverse effect on bilirubin concentrations.
In low-birth-weight infants, hypoglycemia and hyperglycemia are common. 34 In contrast to adults, endogenous glucose production is not suppressed by either exogenous glucose or IL infusion. 35 Our study showed statistically lower serum glucose levels in the ETPN, but both groups had serum glucose concentrations within normal ranges of ( Table 2) . Our data agree with those of Murdock et al. 12 who have shown that early introduction of AA serum lowers serum blood glucose. They suggested that the decrease in blood glucose might be due to the stimulatory effect of AA on insulin secretion.
Although our data showed no significant differences in ROP, IVH, PDA, sepsis, or BPD between the ETPN and LTPN groups. These may be due to the small sample and the possibility of committing type 2 (beta) errors.
Our study showed that the intake of 3.5 g/kilo-day AA and 3 g/kilo-day IL immediately after birth can be tolerated without metabolic or respiratory complications, and can also prevent the development of the negative nitrogen balance seen with the conventional management of delivering glucose alone. We further suggest that this approach does not carry major biochemical risks as judged by routine chemical monitoring. Neonatal parenteral nutrition regimens should be further refined to meet the specific needs of sick preterm infants, and ensure that transfer from fetal to postnatal life is achieved with minimum interruption to nutrient provision. 
